Background: This study aims to evaluate the morphological appearance, bridging incidence, and linear dimensions of sella turcica (ST) in Chinese and Nepalese individuals.
INTRODUCTION
Anatomical structures in lateral cephalometric images were determined as reference points during the measurement and positioning of the upper and lower jaws in relation to the cranial base. These landmarks act as a vital diagnostic tools that aid the orthodontist during evaluation of the outcomes of orthodontic treatment [1] [2] [3] .The sella turcica (ST) is an essential saddle-shaped primitive structure found in lateral cephalometric image [4] .
The sella point, which is situated in the center of the ST [2] , is one of the most widely applied cranial landmarks for cephalometric analysis [5] . The ST possesses anterior and posterior clinoid processes, and central hypophyseal fossa situated in the superior part of the sphenoid bone. In the cranial base the ST dwelling the pituitary gland [3, 6, 7] . Various morphological alterations have been detected and many categorizations have been described [5, 8] . On a lateral cephalometric radiograph, the ST has a diverse morphological structure, which has been categorized into round, oval, and flat [9] . The round and oval ST are the most prevailing forms [10] . The normal morphology of the ST ought to be identified to determine whether the sella region presents a remarkable appearance [3] . The shape of the ST was affected by various syndromes such as Trisomy 21, Meckel-Gruber syndrome, Turner syndrome [4] , and Axenfeld-Rieger syndrome [11] . An altered ST morphology is present in patients with spina bifida [12] , type I diabetic patients [4] , congenital malformations [13] , aneurysms, and Rathke's cleft cysts [1] .
Various methods have been suggested to measure the size of the ST on lateral cephalometric radiographs [14] . The size of the ST has great concern under certain clinical circumstances. A larger size of the ST is associated with clinical problems and may be a manifestation of a mass lesion including a pituitary tumour leading to Cushing's syndrome, and acromegaly [15] . Empty ST was identified by enlarged sella with a double floor [4] .
Small ST is notable in humans who either have a partially formed diaphragm sella or may represent a normal anatomic variation [5] . In contrast, unusual small ST implies to be unique and detected in Sheehan's syndrome and primary hypopituitarism [4] .
The sella calcification (bridge) of the interclinoid ligament is an integrated bony structure found as a result of irregular expansion in the anterior, middle, and posterior clinoid processes [16] . An altered ST morphology or bridging of the sella is observed in subjects with severe craniofacial deviations. An alteration from the normal size and morphology of the ST can be an implication of a pathological condition of the pituitary gland [12] , spina bifida [12, 17, 18] , dental anomalies [13] , Hurler's syndrome [19] and other syndromes and disorders [17, [19] [20] [21] or is considered as a normal variant of the ST [13] . Different radiographic modalities have been used to measure the size and morphology of the ST [3, 22] . Numerous researchers have studied the morphology, bridging and size of the ST in the individuals in their own countries [3, 10, 14, [22] [23] [24] [25] . However, alterations in the ST dimensions among the Chinese and Nepalese individuals have not been studied previously.
The current study was therefore set up to identify the morphological appearance, bridging incidence, and linear dimensions of the ST among Chinese and Nepalese patients. This study also identifies possible race, age, and gender correlation with ST size. The null hypothesis was that there was no association between the linear variations of the ST and race, age and gender group.
MATERIALS AND METHODS
The ethics approval for this retrospective study was provided by the Local Research Ethics Committee of (Blinded). All procedures followed were in accordance with the ethical standards of the responsible committee (institutional and national) and with the Helsinki declaration. Individuals from two different geographic locations were studied: Shenyang and Dhulikhel cities. Details of the data collection are summarized in Table 1 .
The study group consisted of 180 subjects from each racial group, among whom 116 and 64 were female and male, respectively. The data were categorized into two age groups, 8-14 years and 15-28 years; these age groups correspond to pre and post-pubertal stages, respectively. The average age is shown in Table 2 . The selection criteria for these agedefined groups were according to the following multiple observations: (i) no significant alteration was observed in the morphology of the ST after 12 years of age [26] , (ii) females completed their pubertal progress at roughly 15 years old [27] , and (iii) roughly the same size of the ST were studied in young adult female and male, except during pregnancy [3, 10, 22, 25] . Inclusion criteria: all subjects were clinically healthy, without major illnesses or medical conditions exist, and all class III patients were managed by orthodontics alone without surgical intervention. Subjects with craniofacial syndromes, trauma, cleft lip and palate, and those who have undergone multi-reagent chemotherapy and poor quality images were excluded [13] . The principal author reviewed and measured all cephalometric radiographs. Chinese records were retrieved from clinic visits. For the Nepalese subjects, electronic collection of digital lateral cephalograms with records was perfomred.
Radiographs are now commonly used, and referrals, along with photographs, are being transferred via email [28, 29] lateral cephalometric images from each racial group were randomly opted and re-evaluated by the same investigator with 1-month time interval after the initial analysis. In this study, the intraclass correlation coefficient (ICC) was applied. The ICC estimates and their 95% confidence intervals were analysed with SPSS statistical package. The intraclass correlation coefficient is a commonly applied index of measurement reliability to evaluate the reproducibility of the readings [32] .
Statistical analyses
One-way analysis of variance (ANOVA) test was used for comparing ST dimensions between racial groups. The Welch unequal variance t-test was applied to compare the mean differences in the ST measurements between the two age groups and between genders. Multiple linear regression models was adopted to evaluate the effects of race, age, and gender on the length, depth and diameter of the ST. Statistical software IBM SPSS Statistics 20.0 (IBM, New York, US) was performed for the statistical analysis of the data. The mean values and standard deviations were calculated for each parameter as descriptive statistics. Significance was set at the p ˂0.05 level.
RESULTS
The ICC measurements in ST Length, depth and diameter for Chinese was (0.92, 0.96 and 0.99), and Nepalese (0.96, 0.92 and 0.92), respectively. The results exhibit excellent reproducibility of the re-measured radiographs. Based on the 95% confident interval of the ICC estimate, values greater than 0.90 are indicative of excellent reliability [32] . Three various morphologies of the ST were detected: U-, J-, and flat shapes. The majority of Nepalese cases revealed a U-shaped morphology of the ST with the frequency of 90.0%. Chinese subjects predominately had J-and flat-shaped ST (35% and 36.7%, respectively). A small proportion of Nepalese (1.7%) subjects had a flat-shaped morphology of the ST. The assessment of the ST bridging was categorized into three distinct types: Normal (no ST bridging), partially bridging, and ST bridging (STB). The incidence of no finding of STB in Chinese and Nepalese subjects was 88.9% and 60%, respectively. The highest incidence of partial bridging was observed in Nepalese subjects at 28.3%. STB occurred more frequently among Nepalese (11.7%) subjects compared with the Chinese subjects (2.8%) as presented in Figure 2 . Figure 3 shows the outcomes of one-way ANOVA for the effects of race on sella length, depth, and diameter in Chinese and Nepalese subjects irrespective of age or gender.
Results showed that differences in length (p ˂ 0.05) and diameter (p ˂ 0.001) of ST were significantly correlated with that of the two races. The ST length, depth and diameter by age group are presented in Table 3 . The association between the size of the ST and age were statistically significant in the length and diameter in Chinese (p < 0.05 and p < 0.01) and Nepalese patients (p < 0.01), respectively. Outcomes revealed that the Chinese and Nepalese subjects did not show any significant correlation between gender and the linear variables of the ST (Table 4 ).
To evaluate the associations between linear measures of the ST and race, adjusted for patients' age and gender, multiple linear regression models were performed. The results revealed that after the adjustment, the associations between diameter and all factors (race, age, and gender) were statistically significant. The length and depth were significantly associated with age ( Table 5) .
DISCUSSION
A cephalometric morphometric study of the ST has long been investigated previously [3, 14, 22, 25] . This retrospective study describes the morphological appearance, the incidence of bridging and linear dimensions of the ST in the Chinese and Nepalese subjects and identifies any possible race, age and gender group associated with a size of the ST. Radiographic diagnosis of the ST shape was chosen to match previous studies and classified into U-, J-, and flat shapes [3, 10, 23, 25, 33] . In accordance with the present results, previous studies have demonstrated that a greater frequency of a U-and Jshaped ST has been observed in patients [10, 23, 33] . However, J-and flat-shaped ST were predominantly prevalent in Chinese subjects with an incidence rate of 35% and 36.7%, respectively. The frequency of the J-shaped ST in Chinese subjects was identical to those recorded in the literature [10] . Previous study reported that J-shaped ST is frequently found in Neurofibromatosis [5] . It appears that the flat-shaped ST was less expected to develop among Nepalese subjects in the current study and compared with previous studies [10, 23, 25, 33] . The flat-type ST is reportedly the lowest recurrent [8, 25] . The observational results in this study provide different interpretation of ST morphology under some clinical conditions since any deviation in the development of the pituitary gland may lead to a deviation in the shape of the ST [4] . The study of morphology of the ST is essential because it houses the pituitary gland upon which progress depends and has a close contact to various neural and vascular systems [5] . The establishment of normal standards aid in a more objective evaluation and as a source of additional diagnostic knowledge associated to several pathologies [5, 14] . The current study shows a strong tendency toward increased frequency of partial bridge in Nepalese patients with no clinical manifestation. Partial bridging among the Peruvian population was seen in 13.6% of 417 lateral cephalometric plain film radiography [31] , this level is markedly lower than in Nepalese (28.3%) subjects and higher than that of Chinese subjects (8.3%). The highest incidence of partial bridging was documented at 38.9% of Bosnians [25] , 38.4% of Texas [34], and 37.2% of Iraqi patients [25] . STB may also occur in a healthy population within a range of 1.75% to 22% when measured in anatomical and radiographic studies [8, 11, 22, 24, 35] . The lowest incidence of STB was detected in the Chinese population in comparison to Nepalese populations. The highest incidence of STB was at 34.17% in Anatolian subjects based on a total of 80 dry skulls [16] . STB was not observed in 166 Bangladeshi subjects [24] . The prevalence of STB was high in medically compromised subjects and subjects with tooth anomalies [12, 31] . STB of 18.6% was detected in 177 individuals with severe craniofacial disorders; 13% of 62 Norwegian children within Williams syndrome [36]; and 7.3% and 16.7% of 150 Caucasian subjects who had experienced orthodontic and surgicalorthodontic treatments, respectively [9] . Various STB ranges were observed in skeletal classes I, II, and III subjects in 1.1% of 180 Saudi Arabian subjects and 23.3% of 90 Iranian subjects [3, 22] . It has been stated that the early appearance of ST bridges during development should perceptive the clinicians to possible tooth deviations in life later [13] .
However, the effect of STB on the pituitary gland is not well understood [12] .
Significant differences were found between racial groups and the length and diameter of the ST (Figure 3 ). To date, no evidence has been reported associating Chinese and Nepalese subjects with the linear variables of the ST. However, previous study indicated that length and depth were significantly associated among racial groups [25] . The results indicated that ST in older age was consistently greater than in younger ages. This finding is in agreement with previously reported results, which showed that a direct and significant correlation among the length, depth, and diameter of the ST by advanced age is present [3, 8, 23, 25] . In Iranian subjects, diameter was significantly correlated with age [22] . The present study confirms previous findings and contributes additional evidence that suggests the growth of the individual can be assessed based on the size of the ST at different age periods. The evidence from this study suggests that the linear dimensions of ST can be used as the additional clues for age determination in forensic medical investigations. The correlation between the ST size and gender was tested. In Chinese and Nepalese subjects, the size of the ST showed no correlation with gender. The results of this study were consistent with those in previous studies on Indian [23] , Saudi Arabian [3] , Pakistani [23] , Malaysian [23] , Bangladeshi [24] , Nigerian [23] , Iranian [22] and Iraqi [10] subjects; a significant difference was not observed among various sexual orientations in relation to the linear variables of the ST. A study in Greece revealed that sella height was anteriorly larger in males than in females [14] . Length of ST was found to be significantly associated with gender in Bosnians and Iraqi subjects [25] .The results highlight an indication that in the majority of the population there is no sexual relationship between the linear dimensions of the ST. This research extends our knowledge of gender that cannot be a clinical diagnostic feature to assist clinicians in the diagnosis and treatment plan. The diameter was generally seen as a factor strongly related to race, age, and gender when linear regression analysis test was applied. The results of the current study verify that ST diameter is more attributable to these factors than length and depth. Contrary to previous results length of ST was significantly related to race, age, and gender [25] . The findings of this study support previous studies reporting that age was significantly related to the change in the length and diameter when comparing various racial groups [25] , and skeletal classifications with linear dimensions of the ST [2] . However, in a study conducted by Valizadeh et al. [22] , the associations of age with the size of the ST were not statistically significant. Table 6 shows a comparison of the finding of the present study and the current global data for the size of the ST [3, 10, 14, [22] [23] [24] [25] 33] . The number of subjects (180) used for each race is in agreement with the results of other investigators [3, 23, 25] . The linear dimensions of the 180 subjects in each racial group are lower than that in the Saudi Arabian [3] and Pakistani [23] subjects and almost identical with the Indian subjects [23] .
Turkish [23] and Iranian [22] subjects showed a larger depth and diameter compared with the present findings; the largest sella length was recorded in Nigerian subjects [23] . The present study provides additional evidence concerning linear dimensions of the ST that can be used to approximate the size of the pituitary gland among Chinese and Nepalese populations. This research could be used as a reference standards for future investigations on diseased patients within populations. Moreover, knowing the morphology, bridging, and linear dimensions of the ST is essential for neurosurgeons who make surgery on cranial base [1], and for the orthodontist to be familiar with variuos morphologies of the ST to discriminate normal from abnormal appearance [3, 17] . It is suggested that the association of these factors is investigated in future studies.
CONCLUSIONS
Within the limitation of this study, the following conclusions can be drawn. 
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